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@ Ultra-hard abrasive partldes. 



I A synthetic dianwnd or cubic boron nitride 
partide is characterised by containing two or 
more stable sotopes of an element present in a 
ratio which is different to the ratio in which the 
isotopes exist in nature. The dianrK>nd or cubic 
boron nitride particle thus has a fingerprint A 
preferred example of the element is nitrogen* 
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BACKGROUND OF THE INVENTION 

This invention relates to ultra*haind abrasive par- 
tides. 

Diamond and cubic boron nitride partides are 5 
synthesised commercially in large quantities in a va- 
riety of countries around the world. The synthesis in- . . 
volves providing a source material, typically graphite 
in the case of diamond, and hexagonal boron nitride 
in the case of cubic boron nitride, which is mixed with io 
a solvent/catalyst and then subjecting this mixture to 
elevated temperature and pressure conditions at 
which the particular partide being produced Is crys- 
tallographically stable. 

It is possible to influence the growth and physical is 
characteristics of synthesised partides by varying 
one or more of a numt)er of factors. For example, fac- 
tors which can be varied are the temperature and 
pressure of the system, the configuration of the reac- 
tion capsule, the impurity profile of the source mate- 20 
rial and the mechanicaJ and physical characteristics 
of the solvent/catalyst and source material. In this 
way, partides can be tailored to meet specific re- 
quirements. 

25 

SUMMARY OF THE INVENTION 

According to the present invention, a synthetic 
ultra-hard abrasive partide selected from diamond 
and cubic boron nitride is characterised by containing 30 
two or more stable isotopes of an element present in 
a ratio which is different to the ratio in which the iso- 
topes exist in nature. The presence of this unique Iso- 
tope ratio in the partide provides that partide with a 
fingerprint for identification purposes. 35 

Further according to the invention, a method of 
produdng ultra-hard abrasive partides as described 
above indudes the steps of providing a reaction ves- 
sel containing a reactton mass comprising source ma- 
terial and a catalyst/solvent for the abrasive partide^ 40 
and subjecting the reaction mass to conditions of ele- 
vated temperature and pressure at which the abra- 
sive partide is crystallographically stable in the pres- 
ence of two or more statiie isotopes of an elentent 
present in a ratio which is different to the ratio in which 45 
the isotopes exist in nature. 

DESCRIPTION OF EMBODIMENTS 

The ultra-hard abrasive partides will be diamond so 
or cubic boron nitride. These particles may be syrv 
thesised by methods Icnown In the art In such syn- 
thesis, the fingerprinting isotopes will t>e provided in 
a form and under conditions which enable them to be 
induded In the partide synthesised. 55 

The synthesis of diamond and cubic boron nitride 
partides is well known in the art and descrit)ed exten- 
sively in the patent literature. The synthesis broadly 



involves subjecting a source material and a cata- 
tyst/sdvent for the abrasive partide to conditions of 
elevated temperature and pressure at which the abra- 
sive partide Is crystallographically stable. Source 
material for diamond may be a cart>on materia! such 
as amorphous carbon or graphite, while source mate- 
rial for cubic boron nitride is generally hexagonal bor- 
on nitride. A vnde variety of catalyst^soh^ents may be 
used. By way of example, catalyst/scdvents for dia- 
mond are transition metals such as nickel, cok)alt and 
iron, while for cubic boron nitride examples of suitable 
catalysts/soh/ents are alkali and alkaline metal nitr- 
ides and lx)ronitrides. The conditions of elevated terrv- 
perature and pressure which are applied will typically 
be temperatures of the order of 1400 to 1600^0 and 
pressures of theorder of 40 to 70 kilobara. These con- 
ditions apply to both diamond and cubic boron nitride 
synthesis. 

The reaction mass for the synthesis will be 
placed in a reaction vessel. The vessel is generally a 
cup in which the reaction mass is placed and a co-of>- 
erating top part or lid which doses the cup. The ma- 
terial of the cup will generally be a refractory metal 
such as tantalum. This loaded reaction vessel is then 
placed in the reaction zone of a conventional high 
temperature/high pressure apparatus for the synthe- 
sis. 

In one form of the inventton, the isotopes chosen 
may be nitrogen 14 and nitrogen 15, the ratio between 
the two isotopes being different to that which extets 
in nature. Such isotopes may be induded in a syn- 
thesised ultra-hard abrasive partide in any one of the 
following methods: 

1 . Nitrogen gas may be introduced into the reac- 
tion vessel prior to synthesis thereby resulting in 
doping of the synthesised partide. The nitrogen 
gas will be so chosen that it will be enriched with 
nitrogen 15 such enrichment being to a degree 
greater than, generally measurat)ly greater than, 
natural abundance. 

2. A suitable nitrogen-containing compound con- 
taining a desired N14/N15 ratio may be induded 
e.g. by mbdng in the reaction mass. Examples of 
suitable inorganic nitrogen compounds are iron 
nitride, lithium nitride and calcium nitride. The lat- 
ter two are particularly suitable for CBN synthe- 
sis. Examples of suitable organic nftrogen conv 
pounds are hexamethylene tetramine, urea, p>- 
perazine and 1,2,4-triazole. 

3. The catalyst/sohrent used in the synthesis may 
be nitrided using a nitrogen 15 enriched nitriding 
gas such as ammonia. For example, iron may be 
treated with nitrogen 15 enriched ammonia and 
hydrogen at a temperature of at)Out 500*'C. 
Method 1 is suitable for diamond partides only. 

while methods 2 and 3 are suitable for both diamond 
and cubic boron nitride. 

The partides so synthesised v^ll have the de- 
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sired N14/N15 ratio which may be detected using 
techniques such as electron spin resonance (ESR) 
optical absorption, luminescence and mass spectro- 
metry. 

In another form of the invention, the element is s 
a soivent^catalyst element which has more than one 
stable isotope. The element may be included in the 
catalyst/solvent used in the synthesis or it may con- 
stitute the entire catalyst/sohrent used in the synthe- 
sis. By way of example, nickel has 5 stable isotopes io 
of natural abundance as specified below, and iron has 
4 such stable isotopes. These isotopes will t>e taken 
up in measurable amounts into the diamond as impur- 
ities. 



Ni58- 


68,27% 


Fe54- 


5,82% 


Ni 60- 


26.10% 


Fe56- 


91.8% 


Ni 61- 


1,13% 


Fe57- 


2.1% 


Ni62- 


3.59% 


Fe58- 


0,28% 


Ni64- 


0.91% 
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Alternatively the catalyst/solvent may be doped 25 
with the fingerprinting element, the naturally occur- 
ring stable isotope ratk> of which has been modified 
or altered. Examples of such elements aie boron, 
chromium, silicon, vanadium, magnesium, calcium, ti- 
tanium and the rare earth metals. In the case of bor- 
on, the element will take up a substitutional position 
in the diamond lattice. 

For the nickel and t>oron isotopes, the detection 
technique may be optical absorption using optically 
active lattice impurities with associated single atoms 35 
of nickel or boron, or mass spectrometry. In the case 
of iron and other elements, mass spectrometry may 
be used as the detection technique. 

An example of the invention will now be descri- 
bed wherein nitrogen having an N14/N15 ratio differ- ^ 
ent to that which exists in nature, is introduced into 
synthetic diamond particles. The characteristic yel- 
low colour of synthetic diamond products is largely 
due to the incorporation of a 1 50 to 350 parts per mil- 
lion nitrogen impurity in the diamonds during manu- 45 
facture. The sources of nitrogen impurity are nitrogen 
in the solvent metal, nitrogen chemically tied up with 
the graphite source material and nitrogen gas trapped 
in the porosity present in the reaction vessel. 

The stable isotopes of nitrogen are N1 4 and N1 5. 50 
The natural abundance of N15 Is 0,37%. the remain- 
ing N14 being 99,63%. Thus, diamond produced syn- 
thetically will typically have an N15 content of 0,37%. 

By far the largest component of nitrogen impurity 
in synthetic diamonds takes the form of singly substi- 55 
tuted atoms in the dianmnd lattice. By virtue of the un- 
paired electron on these sirrgle nitrogen atoms, they 
may be detected using electron spin resonance 



(ESR). The N1 5 isotope ES R line force is at a different 
magnetic field strength than that of N14 and can thus 
be distinguished. 

N15 enriched diamond particles were produced 
in the following manner. A mixture of graphite and co- 
balt catalyst/solvent was placed in a reaction vessel 
which was sealed. After sealing, a puncture hole was 
formed in the side of the vessel, evacuation took 
place, and the punctured vessel was placed in a one 
atmosphere pressure nitrogen gas environment The 
nitrogen gas was 20% enriched vnth nitrogen 15. The 
capsule was then re-sealed by filling the puncture 
holes with small spots of solder. 

The sealed reaction vessel was placed in the re- 
action zone of a conventional high temperature/high 
pressure apparatus and subjected to a temperature of 
ISOO^C and a pressure of 60 kilobars. These condi- 
tions of elevated temperature and pressure were 
maintained for a period of 10 to 15 minutes. The dia- 
mond was recovered from the reaction vessel using 
known and conventional techniques. 

Nitrogen 15 was detected in the diamond partic- 
les using ESR Such detection was more readily ach- 
ieved in those diarrtond particles having a low metal 
content In such particles the N15 was measured to 
be about 2% which Is about an order of magnitude 
greater than the natural abundance. 



Claims 

1. A synthetic ultra-hard abrasive particle selected 
from diamond and cubic t>oron nitride character- 
ised in that It contains two or more stable isotopes 
of an element present in a ratio which is different 
to the ratk> in which the isotopes exist In nature. 

2. A particle according to daim 1 wherein the ele- 
ment Is nitrogen and the isotopes are N14 and 
N15. 

3. A particle according to daim 1 wherein the ele- 
ment is nickel and the isotopes are selected from 
Ni 58, Ni 60. Ni 61, Ni 62 and Ni 64. 

4^ A partide according to daim 1 wherein the ele- 
ment is iron and the Isotopes are selected from Fe 
54, Fe 56, Fe 57 and Fe 58. 

5. A method of produdng an ultra-hard abrasive 
partide according to daim 1 indudes the steps of 
providing a reactton vessel containing a reaction 
mass comprising source material and a cata- 
lyst/solvent for the abrash^e partide and subject- 
ing the reaction mass to conditions of elevated 
temperature and pressure at which the abrasn^e 
partide is crystallographically stable in the pres- 
ence of two or more stable Isotopes of an element 
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7. 



present in a ratio which is different to the ratio in 
which the isotopes exist in nature. . 

A method according to daim 5 wherein the abra- 
sive particle is diamond and the element is nitro- 
gen and nitrogen gas containing an N14/N15 ratio 
different to that which exists in nature is intro- 
duced into the reaction vessel prior to the condi- 
tions of elevated temperature and pressure being 
applied to the leaction mass. 

A method according to claim 5 wherein the ele- 
ment is nitrogen and a nitfogen-containing com- 
pound containing an N14/N15 ratio different to 
that which exists in nature is included in the re- 
action mass. 



18. Amethod according to daim 17 wherein the ele- 
ment is selected from boron» chromium, silicon, 
vanadium, magnesium, caldum, titanium and 
rare earth metais. 
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8. A method according to claim 7 wherein the nitro- 
gen-containing compound is mbced with the 
source material and catalyst/soivenL 20 

9. A method according to daim 7 or daim 8 wherein 
the nitrogen-containing compound is an inorgan- 
ic compound selected from iron nitride, lithium 
nitride and calcium nitride. 25 

10. Amethod according to daim 7 or daim B wherein 
the nitrogen-containing comF>ound is an organic 
compound selected from hexamethylene tetra- 
mine. uiea. piperazine and 1,2,4-triazote. 30 

11. Amethod according to daim 7 or daim B wherein 
the element is nitrogen and the catalyst/sokent in 
the reaction mass is nitrided using a nitrogen 15 
enriched nitriding gas. 35 

12. A method according to daim 5 wherein the ele- 
ment is a solvent/catalyst element and this ele- 
ment is induded in the catalyst/solvent of the re- 
action mass. 40 



13. Amethod accoiding to daim 12 whereinthe abra- 
shre partide is diamond and the dement is nidcel. 

14. A method according to daim 1 3 wheiein the iso- 
topes of nickel are selected from Ni 58, Ni 60, Ni 
61, Ni 62 and Ni 64. 
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15. Amethod according to daim 12 wherein the abra- 
sive partide is diamond and the element is iron. 
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16. Amethod according to daim 15 wherein the iso- 
topes of iron are selected from Fe 54. Fe 56, Fe 
57 and Fe 58. 

17. A method according to daim 5 wherein the cata- 
lyst/sdvent is doped with the element 
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